until it became a powerful city, exerting its sway over many of the provinces of Asia Minor. Of the Attalid kings, the most renowned is Eumenes II, who founded the famous library, which at one time rivalled in extent and magnificence that of Alexandria. It possessed some fifty thousand volumes. The history of this collection is exceedingly interesting. The Attalid kings were avid collectors, and the zeal of these monarchs was an incentive to unscrupulous dealers to produce spurious and supposititious works, which they foisted on the royal agents. To this circumstance, Galen attributes many of the mutilations and additions that had crept into the Hippocratic text.2 Another result provoked by this royal acquisitiveness was the popularization of parchment as a medium for the written word, a sequel to the embargo placed by the Ptolemies on the export of papyri to Pergamum.3 The word " parchment," i.e., " pergamentum," is, of course, drawn from the name of the city. And yet another consequence, and one of which biologists are perpetually aware, is the damage that befell the Aristotelian text. The library left by Aristotle was at that time kept at Skepsis in the Troad. To save it from the rapacious hands of the royal agents, who paid little regard to the wishes or the rights of private collectors, it is said to have 1 Dr. Joseph Walsh, of Philadelphia, in a very interesting article has shown that Galen was moat probably born on 22nd September of that year (Art. " Date . Time here has brought its revenge. The text of Galen in popular and general use is the work of a German scholar, and a group of German savants in Berlin are now completing the first critical edition of his works. draws a distinction between what happens when the nerves beside the carotid arteries are cut and what occurs when the intercostal muscles are put out of action. In the former case a hoarse raucous sound is created resembling the stertorous breathing which occurs in sleep. When the intercostals cease to fuinction all sounds cease
been buried underground, where it remained for some two hundred years, a prey to moths and worms: " blattarum et tinearum epulae," as Strabo says.
Aniother glory of the Attalid kings was the fostering care they lavished on the arts of architepture and sculpture. They created magnificent buildings to house their treasures,-and adorned them with sculptures of surpassing beauty. A good deal of this has been rediscovered, and some of it, including the " Altar of Zeus," a masterpiece of craftsmanship, may now be seen in Berlin. The " Dying Gaul" in Rome is another well-known example of their sensitive skill. The sculpture created by Pergamum is, in a sense, unique. It shows a sympathy with the suffering of a fallen foe that ancient art had not yet learnt to portray. Pity for the weak and unfortunate is a new note in the outlook of a conquering nation. There are several references to sculpture in Galen's pages, and we learn that even in his day the " canon " of Polyclitus was the rule and norm by wvhich all great achievements were created.4
The science of healing possessed in the Attalid kings ready and interested patrons. A great medical school flourished under their patronage. It was a home of the cult of Aesculapios, as the story of its coins testifies. Attalus III, the last of the dvnasty, gave a very practical demonstration of his zeal and interest. He made experiments to test the effects of poisons and their antidotes. Such investigations, carried out with a callousness that accords well with his other cruelties, were done on criminals condemned to death.5 This King, in his will, bequeathed his kingdom to the Senate at Rome, and thus ended in the year 133 B.C. the sovereignty of Pergamum. Her magnificent library was eventually transferred to Alexandria as a gift from Antony to Cleopatra, and we may be sure that when Galen, at a later date, visited this city, the collection of literature, once the possession and the pride of his fatherland, was not the least of the attractions that drew him thither. Intimate and friendly relations continued to be maintained between Pergamum and Rome, and in the reign of Augustus the citizens of Pergamum were given the honour of being intimately associated with the religious cult of the Emperor.
Many of her citizens, too, played important parts in the public life of the world state and contributed to the spread of her influence and power. For instance. Telephus, a person seemingly of prodigious learning, was one of the instructors of Lucius Verus. Menippus, a distinguished geographer in the time of Augustus, made a survey of the Mediterranean. Artemiodorus, a physician, but no credit to his profession, was the creature of Verres. Marinus, a man of different stamp, called by Galen the " restorer of anatomy," is said to have been born at Pergamum. Oribasius, who came at a later date, was also a native of this city. Incidentally one may remark on the absence of any national or racial feeling in such associations; one gathers from Galen's pages that the idea of a cultural superiority was in those days dominant and supreme. And this culture was an all-pervading Hellenism.
Though by the time of Galen's birth this ancient city was sborn of much of its greatness, yet enough of the former splendour survived (as we gather from the remarks of Pausanias) to remind its citizens of the noble traditions of which they were the heirs. It was still a centre of Greek culture. Its medical school still stood, lately embellished and restored by the generosity of one of her citizens.6
Let us now look back some years before Galen's birth and observe some of the events which were destined to have such an influence on him and on the world of his day. Since the battle of Cynoscephalae, a steady process of Hellenization had gone on in the Roman world until the Greek tongue became the language of culture, and Greek philosophy came to be regarded as the indispensable equipment of those who had any pretensions to learning or any aspirations to fame. As the result, Latin literature was neglected and entered on a steady decline. The Emperors were Seetion of the History of Medicine usually enthusiastic, but often indiscriminating, patrons of Greek art and customs. The antics of Nero and the servility of Hadrian will readily come to mind. Marcus Aurelius, with whom Galen was destined to come into such intimate contact, was Greek in feeling and sympathy. His Meditations are written in Greek and his philosophy is the product of Stoicism.
Scientific studies, such as they were, were inspired by Greek models and composed in the Greek language. Scribonius Largus, the physician who visited England in the train of Olaudius, is said to have written his Qu.stiones Medicae in Greek, and, at a later date, they were translated into Latin. Incidentally it is interesting to observe that this work may have been composed in this country. Aelianus Claudius, a native of Italy, who lived about the time ofGalen, wrote his History of Animals in Greek. Julius Pollux, a native of Egypt, whose activities are so typical of this period, was a contemporary of Galen. He also wrote in Greek. It is true that Celsus wrote in Latin, but Celsus was never regarded being in the stream of progressive thought. He is not even mentioned by Galen. Moreover, he wrote before the influence of Hellenic studies was completely established.
The whole literature of ancient science was of course to be found in the Greek language. All the early " nature-philosophers ": Thales, Anaximanes, and Anaximander, wereIonians. Praxagoras and Anaxagoras were also of this race. And Erasistratus and Herophilus, and all the Alexandrian school, were Hellenes either by birth or by association and contact. The history of science in Rome is therefore the story of the spread of Greek thought. Some fifty years before Galen's birth a revival of Greek studies had taken place in the Roman world. This was a renaissance which expressed itself by a desire for a more familiar acquaintance with the models of Greek classical antiquity. A name that is associated with this restoration of learning is that of Dion Chrysostom, whose chequered career is a record of unflinching devotion to a noble aspiration. The works of Hippocrates had a share in this revival, and in the time of Hadrian two editions of the Hippocratic corpus were prepared, one being undertaken by Artemidorus Capito and the other by Dioscorides.' These were regarded as standard editions, and, in spite of many defects, they fixed for the time being the Hippocratic corpus as standard works of reference in medicine.
Collateral with this revival of Greek letters and with this renewed interest in the sources of Greek medicine, there arose an interest in anatomical investigation, an interest that was symptomatic of a desire to get back to nature and to learn of things as they are. The sterile polypharmacy and the pneuma-laden physiology of the last two centuries were not enough to satisfy minds stimulated by contact with Greek sources. Quintus, a man distinguished by his zeal, resourcefulness and originality, gave lectures and attracted round him a crowd of eager students, among whom were Numesianus, Marinus, Lycus and Satyrus.9 Quintus spent some time in Rome, but rousing the hatred of the vulgar mob of physicians he was expelled on a trumped-up charge from that city.10 Most of his work was apparently carried on in Alexandria. He left no written memorials of what he accomplished, but his teaching was embodied in the works of Lycus and in those of Satyrus "1 and in the twenty books of Marinus, which Galen at a later date reduced to a compendium.'2 Numesianus and Marinus stand out as those who definitely made a break with the anatomy of the " ancients " 3. They contributed much that was new to the fund of knowledge. The whole atmosphere of that day reminds one of the intellectual ferment that took place in the sixteenth century and of the outburst of scientific study which the revival of Greek letters then inspired. Marinus irresistibly suggests Vesalius.
Galen was in the full tide of this revival. -He third in direct succession from Quintus.
Let us now glance at Galen's more immediate background and survey the influences that went to shape his character and to make him what he was. His father was apparently a man of means and substance, 14 who stood high in the estimation of his fellow citizens, being regarded by them " as second to none of the philosophers." " Besides a devotion to Greek literature,'6 he cultivated the sciences of mathematics, architecture, astronomy, geometry and agriculture.'7 He made some experiments on seed-testing, 18 a labour which won the approval of his earnest son. Between father and son there existed a bond of deep affection. The old man took charge of Galen's education till his fifteenth year.'9 This was carried out along the lines traditionally laid down by the Greek race, a curriculum in which the ancient classical literature played an important part. In such fostering surroundings were laid, no doubt, the foundations of that pride of race, of that conscious sense of superiority, which was always the distinguishing mark of the Hellene, and which Galen in his life displays so well. The following quotation, in which he expresses his belief in the superiority of the Greek tongue, will show how deeply Galen felt this sense of a cultural superiority. " You would," he says, " have me learn many languages, but I feel that it is enough to know one, a language which is so essentially singular and unique, and yet so suited for the use of all, so dulcet-toned and so expressive of man's human needs. But if you wish to learn the language of barbarians, you had better clearly understand that some of these resemble the noises made by swine or frogs, or jackdaws or crows, inasmuch as they are without form or grace, and unfitted for the tongue, mouth or lips. For some of these people speak for the most part from the depths of their throats, just as if they were snoring, or they use their lips and sibilate, or they pitch the voice, or speak in a dull monotone, or they speak with gaping open mouth and roll the tongue about, or else they hardly open the mouth at all, and would seem to have tongues that are motionless and inert as if they were tied to the mouth.
" And would you then neglect the Grecian language, so very pleasant and so expressive of man's deepest feelings, a language, too, in which so much grace and beauty abound ? Would you prefer to acquire your medium of expression from methods of speech that are as unsuitable as they are ugly? It were much better to learn one language, and that the most perfect of all, than to acquire six hundred debased tongues. . . . You do not wish, Sir, to learn the language of the Hellenes, well, be a barbarian if you will." 20 And in another passage, where he is laying down the law about the proper care and upbringing of children, he tells us of the people for whom his remarks are intended.
" I write these instructions not for the use of the Germans, nor for any other race of savage or barbarous men, no more than I write for bears or goats or lions, or for any other wild beasts. But we address ourselves to the Greeks and to those other peoples who, although by birth barbarians, strive to emulate the manners and customs of the Hellenes." 21 In his fifteenth year Galen was put to the study of philosophy. He sat first under a Stoic teacher,22 then under a Platonist and next under a Peripatetic philosopher, some of whose commentaries on Aristotle still survive. He next studied under an Epicurean philosopher who had received his training at Athens, still the home of a subtle erudition.23
In his eighteenth year on his father's advice he took up the study of medicinie, 24 and for the rest of his life, as he confesses, he followed both branches of learning with an equal enthusiasm.25 It is important to stress his early training in philosophy in order to appraise the active interest which he maintained through life in these abstract studies, particularly in logic.
In medicine his first instructors were Satyrus and two others, Stratonicus and Aeschrion, 26 of whom very little is known. Satyrus27 had studied under Quintus either at Alexandria or at Rome. He was an ardent anatomist and a commentator on the works of Hippocrates. 28 Galen next left his native city and went to Smyrna,29 a pleasant town situated on the sea-board some fifty miles south of Pergamum. Here he attended the lectures of the celebrated Pelops,30 a disciple of the Numesianus who had been a pupil of Quintus. Pelops, besides being a distinguished anatomist, was an ardent student of Hippocrates and the author of a book An Introdutction to the Study of Hippocrates.31 Pelops was evidently interested in experimental work as well, and Galen, under the stimulus of his teaching, composed a work On the Movements of the Thorax and the Lung 2 in addition to two or three other works of less importance. While at Smyrna he attended of his own accord the lectures of Albinus the Platonic philosopher, 33 one of whose treatises still survives.
We can now see that by this time the bent of Galen's genius is decided. He chooses as his teachers men like Satyrus and Pelops, anatomists and followers of Hippocrates. His devotion to Platonic philosophy also comes to the fore. This may then be regarded as the formative period of his career, in which was laid the foundation of all his achievements and in which a direction was given to his genius, from which path he never swerved. The early composition of such a work as the large treatise On the Teaching of Hippocrates and Plato 34 would also point to such a conclusion. Incidentally we may observe that the influence of this work, which is an attempt to "rationalize" Plato, must have been very profound during the period that followed. It would perhaps not be saying too much to attribute the popularity which the teaching of Plato soon came to enjoy, to the comparison which Galen instituted between the Platonic doctrines and those of Hippocrates, who was admittedly one of the wisest and sanest men who ever lived. Plotinus and Neo-Platonism are probably more closely related to the efforts of Galen than is generally acknowledged.
At the suggestion of Pelops he next proceeded to Corinth, a city which had been recently restored, where he attended the lectures of Pelops' old teacher Numesianus, 35 who had sat at the feet of Quintus, now probably as venerable in years as another distinguished physician, Nero's archiater36 Antipater, with whom Galen at a somewhat later date was privileged to converse. Numesianus, too, was a devoted follower of Hippocrates. 37 To complete his studies he repaired to Alexandria,38 which, in spite of its decline in material greatness, was still pre-eminent as an intellectual centre and worth frequenting, as Galen says, if for nothing else than the facilities it offered for the study of osteology.39 Throughout Galen's writings there are many scattered references to his experiences at Alexandria and to the many eminent physicians, such as Julianus and Heraclianus,40 with whom he came into contact there. It was evidently a school of medicine and therapeutics.
But the science of physiology did not prosper. It was in bondage to the memory of the greatness of Erasistratus.
It is as well to give a brief sketch of the state of the science of medicine in Galen's day. Under degenerated into a cumbersome polypharmacy, examples of which are to be found in plenty in Galen's pages. One of the prescriptions which he transmits contains something like a hundred ingredients,42 a startlingly compendious array. Incidentally, it is interesting to notice how much the placid Marcus Aurelius relied on these opium-containing compounds.42A Over against these unscientific and charlatan methods there arose the two new studies, the interest in Hippocratic medicine and the cultivation of independent anatomical investigation. A good deal of the work of the ancient writers on this latter subject had still survived, and we need only refer to the discoveries of Erasistratus and Herophilus to indicate the value of these achievements. But between the time of those whom Galen calls the " ancient " writers and the period when Quintus, Marinus and Numesianus appeared on the scene, anatomy had stood still.43 A host of anatomical works now appeared from the enthusiastic pens of Marinus, Satyrus, Lycus, Martialus and Aelianus Claudius," Galen's immediate predecessors. It is easy enough to trace to what extent Galen was an independent discoverer and how far he relied on what these investigators had already done. We may say that he built on what they had accomplished, and we must add that he built securely and well. For although they had achieved much, many of their conclusions were obviously incomplete and others were erroneous, such as the findings of Lycus, whose voluminous work, says Galen, teemed with multiplicity of errors.45 In testing and assimilating what is of value, Galen exercised commendable discretion. It must be said for him too that he took nothing on trust, that he subjected everything to a rigid and impartial scrutiny, and that he described nothing that he had not personally investigated.46 Moreover, his technique is obviously better. The method of his preparation of animals for dissection shows a definite advance on the more casual methods of his predecessors.47 For instance, he undertook the complete dissection and he removed the skin himself, an operation which had formerly been committed to attendants.48 The employment of the blow-pipe, of probes, of several varieties of scalpels, and in fact an array of instruments49 such as no modern dissector is possessed of, shows a care which was bound tohave results more striking than those already obtained. He discovered and described for the first time such sti'uctures as -the platysma myoides,49A the pterygoids,49B some of the muscles of the neck, and some of the long muscles of the spine, the popliteus,49c the lumbricals49D, the interossei 49 and many of the muscles of the limbs. Several of the blood-vessels and the smaller nerves, such as the recurrent laryngeal,50 were now traced and described. He recognized the lacteals, which, however, had already been observed by Erasistratus.50A His account of the structure of the brain is wonderfully comprehensive, but here he is largely indebted to the work of Herophilus.
But it is in the sphere of experimental work proper that Galen stands completely alone. In this he far outdistances all his peers and predecessors. It would, of course, be an exaggeration to say that no experiments had been undertaken before this day: a certain amount had been attempted by Aristotle, his dealing with the heart of a tortoise, his holding fish under water, and his chopping insects, come readily to mind. Such adventures, however, were no better than the gropings of people at the dawn of the scientific age. In considering purely experimental work we may exclude surgical undertakings, such as Caesarean section,51 lithotomy, the use of the catheter,52 and tracheotomy,53 for these operations were devoted to immediate and severely practical ends. They were not the spontaneous efforts of researchers devoted to the elucidation of the functions of structures or to the discovery of the part the several organs play in vital activities. Some of the views current in Galen's day will show how little progress had been made, for such conclusions are manifestly incompatible with any apprehension of the value of experimental work or with any appreciation of the light it threw on the causes of disease. For example, it was still thought that the arteries on the left side of the heart were devoid of blood and that they contained only a specialized form of air. The blood-vessels were believed to have their origin in the brain, this theory was favoured by so astute a thinker as Pelops. Some held that the arteries developed into nervous structures at their endings,54 others believed that the voice proceeded from the heart. The function of the kidneys as secreting organs was not comprehended, and the manner of excretion of the urine into the bladder was surrounded by the most ridiculous theories.55 All the teaching about the lung and its functions stood where Erasistratus had left it,56 for instance, the diaphragm was considered to be the only muscle to play an intimate part in the act of respiration. And many other beliefs, strongly held at that time, manifest at once the credulity of mankind and the extravagance into which theories may run, when uncontrolled by the sobering influence of experimental test and verification.
Galen's great achievement, therefore, is the systematic investigation he directed towards unravelling the correlation which he recognized as existing between structure and function. This task was for him the "foundation of that perfect theology which transcended all the other aspects of medicine." 57 It was in effect the " sllining light " that led him on.58
The following account of his experimental work will show how far he succeeded.
He observed that when a longitudinal medial incision is made along the length of the cord, paralysis of the muscles does not follow, the action of the intercostals is unimpaired and the lumbar muscles and those of the lower limbs maintain their normal functions. 59 Complete section of the spinal cord resulted in complete loss of sensation and of power of movement in all the muscles supplied by the nerves which sprang from the cord below the line of section.60
Hemisection of the cord resulted in paralysis only of the muscles on the side of the incision, the right lower muscle if the right side of the cord were cut, and the left lower muscles if the left half were divided.6" 51 " The manner of dividing the epigastrium of the pregnant woman and the way of delivering the child while it is still attached and setting it free, is not my discovery. This has been described by many others before me " (V, p. 558). 52 Vol. XIV, pp. 751, 788; vol. VIII, p. 10; vol. XVII, p. 29.
He observes the extent of the damage suffered by the upper limb following injuries to the various cervical vertebrte,62 and these conclusions are based, it would appear, more on clinical observation than on actual experiment. Injury to the fifth cercival vertebra resulted in loss of power and sensation in the hand. Injury to the sixth was followed by a partial loss, the upper part of the arm remaining unaffected. Injury to the seventh results in more pronounced disturbances, and in damage to the eighth the resulting paralysis is least extensive. Damage to the vertebrt beyond the eighth does not give rise to disturbances in the upper limb. He showed that if the spinal cord is cut through at the first dorsal vertebra paralysis of the intercostal muscles and of all the abdominal muscles supervenes, the sphincters and the muscles of the lower limb are also put out of action. But the action of the diaphragm is unimpaired, and the respiratory function continues.
" When the spinal cord is completely severed in the upper part of the thorax, namely between the seventh and eighth cervical vertebre, the animal drops down and lies on his side. Movements are seen only in the lower part of the thorax and this is due to pull exerted by the diaphragm."63
The latter observation is quite worthy of Galen. He then goes on to explain the action of the groups of muscles which are concerned in normal and forced respiration-these results, he states, are taken from experiments on swine and kids 64 -they have obviously no reference to what is seen in man.
"This muscle (the diaphragm) is used by all animals in respirations of smaller amplitude. But when the need for deeper respirations arises, such as during exertion, or in a fever, or when the heat of the surrounding atmosphere is increased, or in any other such condition, the animal is compelled to employ the intercostal muscles in addition to the diaphragm. And if any still greater need arises the upper muscles (of the neck) are put into operation ag well." 65 This is made clear from the following account of the operation "You have observed that when the spinal cord is cut at the upper part of the thorax the animal immediately drops down and lies on his side, the voice is completely lost, the whole thorax is motionless, except the lower part of the chest, which is still undergoingmovements due to the action of the diaphragm. And in order that the motion of the chest. might be more clearly seen, you remember that the skin surrounding the chest was removed. All the intercostal muscles were completely out of action, the lower part of the chest was in a state of dilatation, and there was a certain amount of obscure motion in the parts higher up." 66 He then alludes to the result of cutting the phrenic nerve " Then I took this animal in my hands, as you remember, and cut through the nerves. which supply the diaphragm, and when these were severed all motion in the lower part of the chest ceased, but the upper muscles (the accessory nu8cle8 of the neck) were compelled to function, and under the action of these the upper part region of the thorax was clearly seen to be dilating. " I then took another animal, and in the neck I cut through the roots of the nerves which supply the diaphragm, and I showed how the lower part of the thorax immediately became motionless and how the intercostals became active." 37 Further details are added about the part which the accessory muscles, the muscles around the scapula and the muscles of the abdominal wall play in forced and abnormal respirations, though these observations, however, can hardly be regarded as altogether satisfactory, for they contain some errors in detail.
" When the need for deeper respiration arises, the diaphragm by itself is not enough to effect this. Now if the animal breathes only with the upper muscles, movements are quite visible around the scapula, even as far as the acromion process. But if the animal is compelled to breathe only with the diaphragm, the hypochondria are raised during inspiration and contracted during expiration, no motion being effected around the scapula. When the intercostal muscles act alone, there is also no movement around the scapula, but the hypochondria-contrary to what happens when the diaphragm is acting alone-are contracted during inspiration and raised during expiration." 68 These observations are exceedingly interesting, not so much for what they teach as for what they display of Galen's assiduity and the thoroughness of his work.
We now come to a more detailed account of the origin of the phrenic nerve and of the experiments he performed on it.
" If you are careful you can at one stroke expose the nerves of the diapbragm. In swine there are usually three nerves (the roots of the phrenic nerve) on each side, in the ape there are mostly two, more rarely in the latter animal three are seen, and four are also occasionally found in swine. These nerves originate in the spinal cord of the neck, the first pair arise between the fourth and fifth vertebrne, and the second pair between the fifth and sixth, the third pair arise after the sixth vertebra, and these are very small in size. And if there is a fourth pair they arise after the seventh vertebra, and this is exceedingly fine. If all these nerves are cut the diaphragm becomes motionless." 69
The effect of various sections of the spinal cord in the neck on the activity of the phrenic nerve is summarized as follows:
" If you cut completely through in the interval between the third and fourth vertebrae, the animal at once ceases to breathe, the chest wall and all parts of the body below the line of section becoming motionless. And it is clear that if the incision is made between the second and third vertebrae, or between the first and second, or at the base of the brain, the animal at once dies. But if the incision is made between the sixth and seventh (and it must be remembered that the section should be carried right through), all the muscles of the thorax immediately cease to function, and the animal uses only the diaphragm in breathing." 70
The mechanism of the voice was a subject which deeply interested him, and he came very near to solving it. He recognized that the voice was produced in the larynx, and he knew that sound was the result of a vibration of the air-a marvellously penetrating observation.72 In his recognition of the function of the recurrent laryngeal nerves he settled another and very practical part of the problem.
He describes these nerves in detail-the term " recurrent " (vevpa 7raXtv8pOPouTova) is the name he applied to them. He was the first to recognize these structures and to comprehend the function which they subserved. He points out their association with the vagus trunk, nature, he adds, effects such an association for the sake of the greater strength and security of the individual nerves. The nerve on the left side, he observes, winds round the arch of the aorta, while that on the right circles round the root of the subclavian artery. He had followed the course of these nerves in all animals, but most satisfactorily in bears, dogs and cows. 7 The effect, which he observed, of section of one or of both these nerves, or of section of the trunk of vagus, which he here refers to as " the nerve which lies beside the arteries," is made clear in the following quotations: " The paralysis which affects the larynx when the vocal nerves are cut or when they are intercepted by a ligature, is of the same kind as that which occurs in the limbs when the spinal cord is injured. I mean by the 'vocal' nerves those nerves which I myself discovered, for those who taught me knew only of the nerves which lie beside the arteries. Loss of the voice also occurs when these latter nerves are injured, because the special nerves of the larynx, which I have called the recurrent nerves (6vipa 7raNv8po/ouoOrra) are part of their substance. These nerves -(those lying beside the arteries) are distributed to several other parts, they have not the special significance which the nerves of the voice possess, for the latter belong to the organs which produce and regulate the voice. The same kind of impairment is produced in the muscles of the larynx either by damaging the recurrent nerves, or by injuring those that lie beside the arteries, for in these cases they are deprived of that power which comes from the vital principle, without which they cannot be put into activity at the command of the will. His researches on the respiratory organs and on the relation of these organs to voice production are therefore very interesting. His interest in such matters dates from the days he passed at Smyrna, and these experiments apparently form the basis of all his scientific researches. His demonstrations before the nobility and leading men of Rome during his first years at the Imperial capital were concerned with these questions.75 Before his time, on such matters there had been very little clear or consistent thought. About the muscles of respiration there had been, too, a good deal of obscurity; the diaphragm was considered to be the only muscle concerned in the respiratory act and its activities were believed to be limited to the inspiratory phase.76 The action of the intercostals was not apprehended, and the part played by the accessory muscles, those of the scapula and the abdomen, had been totally neglected. The nervous mechanism regulating these activities remained also undiscovered.
He opens his exposition by a brief but lucid account of the structures immediately concerned with the respiratory function. "There are," he says, "twelve ribs, more rarely thirteen are found, and more rarely still eleven,"77 this latter condition being so unusual that it is found in not more than one in a thousand. The sternum, although it appears to be a continuouis bone, is seen on close examination to be composed of segments which correspond with the ribs with which it articulates.78 It articulates with seven ribs,79 the eighth rib joins the ziphoid cartilage. At the back the ribs articulate with the dorsal vertebra by a double articulation 'apOp(O SITT(), in the upper part with the body of the vertebra and in the lower part with the sloping transverse process.8" The ribs which are not connected with the sternum are called the spurious (voOat) ribs. From the cartilaginous endings of the lower rib the diaphragm takes its origin, it is attached to the ziphoid cartilage in front where the line of junction is at a higher level than at the back where it is attached to the spine.
At the back it is inserted to the lower vertebrnn by means of two strong ligaments which in larger animals are inserted as far down as the third lumbar vertebra. A description of the intercostal muscles whose fibres overlap like the letter X, and the manner of their insertion, is given.8' The intercostal nerves and vessels are described as being under the border of the rib, the vessels lying nearer the surface and more liable to injury during experimental operations. To deal with the emergency created by the htemorrhage resulting from the accidental wounding of the artery, he makes the useful suggestion that the injured vessel should be cut right through, the ends of the severed vessel will then retract under the overlying tissues which will press on them and so occlude the lumen.82
He showed that if the parietal pleura in any intercostal space is cut with a long incision, the lung on this side is put out of action, and the animal is therefore left with half a voice83 (X'5dcovov). If the other side of the chest is also dealt with in the same way, respiration and the voice are both completely abolished. If, in the animal so dealt with, the operator's hands are placed over the wounds at the 75 This happened during the period when he was forging his way ahead in the teeth of jealousy and animosity of his professional brethren. It is interesting to recall the names of some of the illustrious personages who were present at the demonstration, which for the general interest they excited are comparable to the public demonstrations held by Vesalius, or to the experiments performed by Harvey before the court of his royal master. A gathering of distinguished men, so many of them preoccupied with the cares of office and with the many harassing duties that the uncertainty of these troubled times imposed on them, presents an imposing and impressive spectacle, and it reflects a glory and a dignity on the city whose destinies they guided. Amongst those present were Paulus, shortly tc be created Praefectus Urbis, Flavius who held consular rank, Severtis, at that time Consul, Sergius another public man, and Barbarus the uncle of Lucius Verus who was then absent on the ill-starred expedition to Mesopotamia. Besides these there were present representatives of the various sects and schools of thought, predominant among them being members of the Stoic and Peripatetic schools for whose especial benefit the demonstration %*as intended. end of an attempted phase of expiration when the quantity of air in the contracting thorax is less, the animal breathes once more and recovers the use of its voice.
Complete powerlessness could also be induced by cutting all the intercostal muscles, even though the parietal pleura were left intact.84 He observed too the relative effect on the thoracic movements which followed section of different sets of the intercostal muscles.85 Less damage was done by cutting the muscles of the spurious ribs than by destroying those which arose from the true ribs. Little damage too was done by cutting the first intercostal muscle, somewhat more harm resulted from putting the second out of action, and then the amount of embarrassment increased as the operator worked downward, until it was found that destruction of the seventh intercostal muscle had for the animal the most markedly unhappy consequences.
Such operations show that Galen was a singularly enterprising and intrepid experimenter.
He also undertook the laborious and arduous experiment of removing the ribs below the lower angle of the scapula to show the effect on voice and respiration which such a radical operation produced. It is of interest for the careful instructions about the technique and method of procedure.86
He performed another experiment on the lung which is interesting in that it shows an appreciation of the value of quantitative measurements, which is of course the basis of all real scientific experiinentation and the foundation of all success. And even though the theory which this experiment was designed to prove was in reality unsound, and unfortunately the accidents that obstruct the path of the pioneer and single-handed observer crept in to mar the effectiveness of the demonstrationthe technique that it displays stands as a proof of how far Galen had advanced along the path of the experimental verification and testing of provisional conclusions. This demonstration, which may be regarded in many ways as worthy of a modern laboratory, also displays Galen as an impartial and almost disinterested observer, willing to recognize that his methods, no matter how honestly tested and tried, were yet not free from these sources of error that are inseparable from the efforts of any nascent science. This experiment was undertaken to prove that a certain amount of air is capable of passing from the lung itself into the pleural cavity, a belief which would receive a prima facie semblance of confirmation from the finding of a certain amount of gas in the cavity of the thorax when this was opened in the dead animal.
The method of the experiment was as follows.87 A small incision was made in the skin of the thorax and to this the mouth of a bag or bladder was carefully stitched, and the juncture then smeared with some adhesive material such as wax to make it air-tight. A round-handled scalpel was then pushed through the bladder and the opening thus made in the bladder was securely tied around the handle. The point of the scalpel was then driven through the parietal pleura and so continuity was established between the intrathoracic cavity and the air in the bladder.
We can now observe," continues Galen, "how some of the air escapes from the thorax into the bag during the phase of expiration.
And you will observe that during inspiration while the chest is being expanded, this air is again drawn into the thoracic cavity through the opening in the chest, at the next expiratory movement it is again driven into the bag, and during the succeeding phase it is again drawn into the thorax. But you will observe that at each respiration more air is entering the bag and that in the end the bag is completely filled." " However, it is possible to offer two objections to the result of this experiment; one is that some air gets drawn in past the sutures, more being drawn in during expiration than what is expelled during expiration; the other source of error is that the membrane which invests the lung itself is wounded as well as the membrane which lines the thorax. For this indeed sometimes happens. It when the lung is examined after the death of the animal. Whether the atmospheric air can get into the bladder between the ligature and the skin is the subject of a good deal of controversy, and it requires a rather lengthened argument to disprove such an objection." In another dramatic experiment he undertook to show that loss of voice can be induced by paralysing all the intercostal nerves, and that the voice is regained when the ligatures, which are used to induce temporary loss of function in the nerves, are relaxed and the function of the intercostal muscle is restored. This arduous demonstration was carried out on a large swine (,teyav &v), the scene of the operation being a large sunny room, a house full of light " (Pera-ITv avyqq OuCOV).
It was an oft-repeated experiment, for he admits to having performed it several times,88 publicly as well as privately, and it formed part of the demonstration which he gave in the presence of the most distinguished men in Rome.89
The experiment is described in detail, and we can follow each step of the proceedings with the utmost ease.' He points out the difficulties attendant on this operation, for instance the thick muscular investiture which lies along the vertebrae and which makes access to the nerves far from easy. He gives details about the sharpness of the hook to be employed in searching for the nerve, the kind of blunt hook that was used for exerting traction on the nerve, the curved needle carrying a ligature which was to be inserted under the nerve as near as possible to the spine so as to throw all the muscle out of action. In these operations he used a thicker kind of ligature which when moderately constricted did not damage the nerve-more slender ligatures being obviously unsuitable-and this was tied without, however, forming a blind knot (a&fpa T7vXOv) "which was rather difficult to undo." The employment of a special kind of noose rendered the demonstration easier and more effective. When all the intercostal nerves at 'their emergence from the spine were so secured and while the unfortunate beast was a shrieking mass of pain and horror, Galen at a given signal tightened all the ligatures, and the animal from being the seeming incarnation of clamorous and insistent protest is suddenly reduced to silence and solemn muteness. The onlookers are amazed at the spectacle, but their wonder becomes greater still when all the ligatures being simultaneously relaxed, the animal again bursts forth into a yell of howling horror. And so Galen uses the animal as a kind of living musical box, evoking shrill arpeggios and all the compass of sound at will, a pleasant discord of sweet sounds to the ear of one who regarded music not as something designed merely to please and gratify the senses but as something with a higher purpose, namely, an art that was intended to teach and inform the mind, an outlook which is typical of the Greek attitude to knowledge. In such an operation he would probably be assisted by those clever young men who had lured on the septuagenarian professor to make a public exhibition of his ignorance of anatomy and then laughed the aged man to scorn.9' A reference to some other observations and experiments which he made, will illustrate the scope and comprehensiveness of his work.
He was quite familiar with the phenomenon of the reciprocal or antagonist action of the various sets of muscle. Speaking of those of the upper limb he says:
"Should the muscles on the outer side lose their power through a solution of continuity, the muscles on the inner side would still continue to function and the part would be flexed in consequence, since the muscles which are designed for this purpose remain unimpaired. Should the muscles on the inner side be severed, the opposite condition would follow, that is the limb would be extended and not flexed."92
He also compares the relationship of the muscles and the nerves which supply them to the action of levers, the nervous power being the force which is expended on the muscle to produce a large result Of course, his greatest contribution to the advancement of scientific thought, and the achievement which entitled him to rank with Harvey and all the great discoverers, was his demonstration that the left ventricle and the arteries contained blood. At one stroke he swept away the age-old theory that this part of the vascular system held air or pneuma, and that only under abnormal condition could it be invaded by the blood-stream. Such a theory seems now so untenable and ridiculous that an incredulous generation is not a little inclined to deny Galen the recognition that is his due. Yet such a dogma had flourished under the authority of Erasistratus, and it had gone unchallenged under all the great anatomists of the Alexandrian school. It had woven itself into the whole system of therapeutics and medicine, and by Galen's day it was venerable with the sanction of some three hundred years.
Galen ligatured an artery in two places and slit up the intervening vessel, and in this way he showed that the artery contained blood and nothing but blood. He made this demonstration on the deep arteries, suich as the thoracic aorta, as well as on the more superficial arteries like the brachial and inguinal. In this way he proved that the presence of blood was not a local limited or accidental condition. The sophistry by which such a clear and convincing demonstration was met reflects but little credit on the capacity of abstract thought to move circumspectly when separated from the logic and control of hard and troublesome facts. He plunged a scalpel into the left ventricle and showed that blood gushed out with the bloodstained instrument, and he thus endeavoured to lay at rest a theory that had almost become an established creed, for it was more than a biological tenet, it had insinuated itself into the texture and substance of all the philosophic thought of the preceding centuries, and it now rested on what seemed the unassailable foundations of men's minds and reason.
He demonstrated that the heart still continued to beat when the spinal cord was severed at the first vertebra, though every other kind of movement in the animal had ceased.4 This showed that the " pulsatile force was resident in the body of the heart." Cutting the branch of the vagus which was supplied to the heart also failed to stop its rhythm, an observation which pointed to the same conclusion.
The experiments which he performed on the digestive tract are also worth quoting, though here his exposition is not always quite so clear, this obscurity being most marked when he is dealing with the csophagus. unioD with the food. During this process I always found the pylorus tightly closed and shut, just like the os uteri on the fcetus." 97 He also made observations on the contents of the stomach during the process of digestion. 4 " If you give a large soft meal to an animal, as I have often done in pigs by feeding them on some kind of mixture of flour and water, and if then at the end of about three or four hours you cut the animal open-that is if you do dissect-you will find that what he has swallowed is still in the stomach . . . When the food has undergone complete change in the stomach, the lower orifice of the stomach is opened and the food easily passes out through it from the stomach, even if it should contain a large number of pebbles, bones, grape stones, or any other body which could not undergo chylification. You may discover all this for yourself in an animal, if you happen upon the exact time when the food is in process of passing from the stomach. However, if you should fail to hit upon the right time, and the contents of the stomach are still undergoing digestion so that nothing is as yet leaving it, such an anatomical investigation will not be altogether useless. For you will notice, as I have explained a short time ago, that the pylorus is tightly closed and that the walls of the stomach are contracted on its contents in a similar manner to the way the uterus embraces the fAetus." 98 A subject which deeply interested Galen was the structure and function of the urinary apparatus. Lithiasis or stone in the urinary tract was at that time a very common disease, and the treatment of it called forth all the skill of the surgeon and physician. The operation for lithotrity was frequently performed, and of course it often gave rise to complications which marred the effect of an otherwise wise and successful procedure; but it was encouraging to realize that such wounds around the neck of the bladder usually healed rapidly, as Galen could observe "every day." 99 He describes the blood and nerve supply to the bladder,'°°and noted the orbicular fibres of its muscle wall."'0 He drew attention to the immediate relationship that the female bladder bears to the pubic bone."'2 He especially noted the configuration of the male urethra, comparing it to the Roman letter "S," 103 and when we remember that this letter is often found more open in older inscriptions, it does not seem a very inapt description of the curves of this passage. The urinary catheter, an instrument much in use, was made with these curves.'04 He dissected and described the sphincter 105 of the bladder, though he admits that its existence and function had been recorded before him. He was aware that during fental life this muscle did not function, and that at this stage of the animal's life it hardly existed.'06 And he made the astonishing discovery-which for that day and time must be regarded as little short of marvellous-that the ureters were inserted obliquely into the bladder wall, such a provision being made by nature so that it would be impossible for the urine to get back to the kidneys, no matter how full the bladder might be. "The ureter is inserted obliquely (Xon?) into the bladder in order that nothing will pass back from the bladder to the kidney." 107
The experiment which he undertook to solve the question of the function of the bladder is recorded as follows. It is not necessary to refer to the extravagant theories that such an operation was designed to confute-they are of incredible absurdity.'08 Section of the History of Medicine 1145 " This having been made quite clear, the next step is to ligature the external urethra before the animal has time to micturate. And now it is found that, on pressing the bladder on all sides, the fluid which it contains does not go back through the ureters to the kidneys. By this operation it is made evident that in the living, as well as in the dead animal, the ureters are prevented from receiving back urine from the bladder."
" So much being understood, the ligature on the external urethra is removed and the animal is allowed to micturate. Next, only one of the ureters is ligatured while the other one is allowed to discharge urine into the bladder. When some time has elapsed, it can be shown that the ligatured ureter is full of fluid and that it is distended on the side next the kidney, while the other ureter which is soft and flaccid has filled the bladder with urine. Now the next step is to cut across the distended ureter and to demnonstrate how the urine shoots out from it just as blood does when a vein is cut." " Then the other ureter is cut through as well, and the animal is bandaged up with both ureters severed. When a sufficient time has gone by, the bandages are removed, and it will be found that the bladder is quite empty, while the whole abdominal cavity around the peritoneum and intestine is full of urine, just as if the animal were suffering from dropsy." 109 Let us see how he dealt with the various symptoms which disease of these organs presented. The following quotation, which gives a cursory glance of his method of procedure, will make it clear that, in spite of the rather heroic treatment to which the sufferer was sometimes subjected, there is in Galen's method a good deal of sense and sound judgment:-" Let us suppose that the patient has not passed urine for three days-do we not at once try to find out in what part of the body the cause of this symptom is situated-whether in fact it lies in the kidneys, the ureters, the bladder or in the urethra ? We obviously do not look for the cause in the liver, lungs, spleen, stomach or heart, for none of these organs is concerned with micturition. If we were not aware that the separating-out of the urine takes place in the kidneys, and that it is carried by the ureters to the bladder, and that it is at last excreted from the bladder--the whole of which progress we have already treated of in our exposition On the Natural Faculties,110 we should never be able to trace any of these causes. But merely to possess this theoretical knowledge is not enough-it were better to proceed further and enquire into the causes of the retention of urine along the lines which we have suggested. The following is the method of procedure. The physician must enquire into all the present and preceding symptoms,that is, while he is examining the present symptoms of the complaint he should enquire into what occurred before the illness came on, obtaining such information not only from the patient but also from his friends. For instance, let us suppose there is a tumour situated in the region called the pubis, that this tumour by its outline shows that the bladdder is full, and let us suppose that no urine is being voided. Is it not evident in these circumstances that either the force which normally expels the urine is paralysed or that the urethral passage is blocked ? Therefore we must first consider whether in reality such a paralysis can arise, bearing in Inind the manner in which in the normal healthy person the excretion of urine occurs at will, that is by the cessation of the constricting action of the muscle which surrounds the neck of the bladder and by the active co-operation of the bladder itself. The action of the sphincter muscle is voluntary, while the expulsive action of the bladder is involuntary and is a 'natural' activity. It has been demonstrated in our commentary On the Natural Faculties that, there is in almost all parts of the body an expulsive faculty which deals with superflous matters, and that this faculty is always present, but it is only used when the particular part is irritated by these superfluities. It happens, therefore, that what is called ischuria arises when this expulsive faculty is not properly functioning. In such a condition of affairs, if you adopt the method of placing the sufferer in such a position that the neck of the bladder is vertical, and if you then press with your hands on the abnormal tumour the urine should be freely voided. If, on doing this, nothing happens, you ought no longer to suspect that the cause of the trouble is paralysis. You should rather incline to the view that the urethra is blocked. For if the muscle surrounding the urethra had been paralysed, such a condition would give rise to involuntary voiding of the urine and not to retention. We must next consider in succession the ways in which the neck 109 Vol. II, 11(i Vide vol. II, pp. 1-214. This book has been translated into English by A. J. Brock, M.D. (Loeh Classical Library, 1916) . It is a very happy and skilful rendering. of the bladder called the urethra may be obstructed. In my opinion these are in all three, and they are as follows: The body itself of the bladder may be so thickened into an unnatural size that the urethral opening is compressed and blocked by the overgrowth, or some fleshy or callous body develops contrary to what is normal, or some other cause blocks the passage. The body itself of the bladder grows into a tumour of an appreciable size if it is afflicted by inflammation or fibrosis or by an abscess or by any other kind of tumour. Fleshy growths occur in the urethral passage when it is afflicted by ulceration, because another kind'of substance can gradually be generated if a thick and viscid discharge continues over a long time. The meatus may be blocked by a stone, thrombus, pus or by a thick and viscid discharge. It is necessary, therefore, to distinguish between these factors, while we keep in mind the antecedent symptoms as well as those now present." " Now, suppose it is a young boy who is the sufferer, and that there have been previous symptoms suggestive of the presence of stone, that is, the urine has been watery and has a sandy deposit, the membrum virile has been constantly irritable, and has been retracted or distended without reason, and that then the suppression of urine suddenly comes on. From such symptoms one might reasonably conjecture that a stone had dropped into the neck of the bladder. Now, place the boy on his neck and elevate the lower limbs and shake him vigorously, with the intention of causing the stone to drop back. When you have done this, tell the boy to make an effort to pass water, and if the operation has been a success and the urine flows, you will realize you have made a correct diagnosis, and that you have adopted the right method of treatment. But if the suppression still persists, shake him a second time still more vigorously, and if, in spite of this, the retention still continues, make use of the instrument called the catheter, and by means of this remove the stone from the neck of the bladder, and you will at the same time afford an exit to the urine. " If no signs of stone have preceded the retention, but if there has been a certain amount of blood, it is very likely that it is a thrombus which is blocking the urethra. 'But it is quite possible that, although the bladder may be ulcerated, an actual excretion of blood may not precede the retention, and it is also quite possible that a thrombus may gradually grow. It is also quite possible that blood trickling down from the kidneys through the ureters may give rise to a thrombus. When one has such suspicions, the catheter is very useful,' as also in cases where pus, or a thick and viscid discharge, is believed to block the -passage. We may suspect the latter condition from a knowledge of what has preceded, for, if the kidneys or the bladder have been suffering from any disease which produces pus of such a kind, and in such large quantities that it is capable of obstructing the urethral passage, you may suspect that such a chain of circumstances has led to the suppression of urine. Or, again, if there is an abscess in any of the parts above the kidney, and if such an abscess bursts, it is quite possible that the pus may get into the kidneys. " If, however, none of these conditions has preceded the retention of the urine, we should make inquiries into the patient's way of living, in order to discover if he leads a sedentary life, or if he uses the kind of foods that go to create thick and viscid humours. In this way we come to the conclusion that the obstruction in the neck of the bladder is a fleshy outgrowth which arises in the ulceration, and we conclude this from the preceding symptoms of ulceration, and also from the fact that the urine is voided after the passing of a catheter.
I know that such an affection has arisen, at least I recognize it on passing the catheter, for the patient feels pain in that part of the passage where I had previously inferred the site of the ulcer to be, and when the catheter is passed the fleshy outgrowth is broken down by the instruments and blood and fragments of the growth are passed in the urine." 1 1 His careful treatment of a patient who has sustained severe injuries about the perineum is worth recording. " A man received a severe blow on the region called the perineum, and a swelling developed as the result. He was unable to pass water and the bladder was obviously full and distended as could be seen from its outline. In this case I refrained from passing a catheter because the inflammation would be aggravated by such a course of action. The better treatment was to bathe the afflicted part with warm water and to apply oil. And continuing to do this for nearly three hours, we then saw that the tension was quite relaxed, and the pain, as he himself declared, had become quite easy. Then we advised him to make an effort to pass water and while he was doing this we applied gentle pressure to the swelling 1II Vol. VIII, pp. 7-13. of the bladder, forcing it downwards. While this was being done the young man voided urine" 112.
The observation made in the following passage is of interest, for it shows that even in these riotous days people preserved a certain sense of modesty, even though its exercise was sometimes perhaps an unreasonable one.
"There is no need to speak now of the causes that bring on atony of the bladder 113 These have been spoken of by me in many places while I was treating of what may happen to the simple organic tissues. But a peculiar affection is likely to befall the full bladder and we have ourselves not only witnessed this occur but we have also heard it from others. It has happened to those, who, when the bladder is full, are ashamed through feelings of modesty to leave the table and pass water, that its power is destroyed and then they can no longer urinate although they try very hard to do so." 114
In conclusion, we may quote some of his experiences of nerve lesions, for his accounts of these are particularly interesting.
" A surgeon while operating for deep glandular swellings of the neck, and dividing the tissues with his fingers-he did not use a knife for fear of injuring the vessels--without realizing what he was doing tore through the recurrent nerves. As a result he rendered the patient voiceless, though the boy was cured of his glandular trouble. Another person operating on another boy in a similar way left his patient with half a voice (q1u1qez'0P) as the result of injury to one of the recurrent nerves.
" These results seemed perplexing to everybody, because it was seen that although neither larynx nor the trachea was injured, the voice was profoundly affected. But when I demonstrated to them the vocal nerves they ceased to be bewildered." 115 " I saw a case where the voice was so affected as to be almost completely lost. This occurred when a freezing mixture was applied to the neck during the winter. I understood what was wrong, and by the application of warming medication which soothed the nerves I restored the voice." 116 "A certain person fell from a height in such a way that the upper part of the back landed heavily on the ground. On the third day his voice was feeble, and on the fourth day he was completely voiceless. At the same time he lost the use of the lower limbs while the upper limbs remained unaffected. There was no apncea or dyspncea. The whole spinal cord beneath the neck was therefore affected. The thorax was still kept in motion by the diaphragm and by the six upper muscles since these derive their nerve from the cervical spinal cord. But all the nerves supplying the intercostal muscles which produce expiration were affected. The physicians wished to act without discrimination and to direct treatment to the lower limbs because they were paralysed and to the larynx because of the loss of voice. I, however, prevented this, and I paid attention only to the part that was affected, and the inflammation of the spinal cord ceasing after the seventh day the youth regained the use of his legs and his voice returned." "1
He was particularly happy about bis success with Pausanias, the Syrian sophist, a well-known figure in Roman literary circles. He gives an account of the case in his work On Exercises on Anatomy, a product of his earlier years, and with all the enthusiastic fervour of a youthful reformer he cannot forbear a thrust at the Methodist sect, to which the physician who treated Pausanius belonged.
In this history he gives some details which are omitted from the account written later. For instance, he tells us that the patient at first experienced a sharp pain in the region of the upper thoracic vertebre at the point where he had come into violent collision with a projecting stone, and that this pain lasted a few days and eased off about the seventh. On the fifteenth day a numbness and dysaesthesia in the fingers set in and gradually increased.
The following quotation is taken from the woik On Local Diseases, the product of his maturer years, and one of the most interesting and instructive of Galen's treatises. It will be noticed, too, that his judgment about his professional brethren has now, under the mellowing influence of time, become much less censorious. " A certain man, who had been having medical applications to three fingers of the hand, remarked to me that sensation had now been lost in them for thirty days, though the power of movement was unimpaired. He said he was receiving no benefit from the drugs he had been applying to them. Taking the steps I usually do in such cases, I determined to prosecute my investigations and I summoned the physician who was attending to the fingers and enquired about the applications he was employing. When I discovered that these were suitable and proper, I set myself to investigate the reasons why the patient was receiving no benefit from them, and I accordingly questioned him about the antecedent happenings. He denied that there was any question of a preceding inflammation in the fingers or of any injury to this part from cold or from a blow. My wonder being excited, I now asked him if he had been struck on any part of the body higher up. He replied that he had not been struck on the hand, but he admitted that he had received a blow on the upper part of the back. Then I enquired how and where he had been struck. He answered, that one day on the way to Rome, he had fallen out of his car on to the ground, and that this accident happened a short time before the trouble with his fingers set in. I therefore inferred that he had acquired a schirrous (C-cKpAcIA71) affection which came on as the result of the inflammation of the part around the exit of the nerve which proceeds from the spinal cord beyond the eighth cervical vertebra. This I knew because I realized from my knowledge of anatomy that the nerves-although they appear to arise like veins 1S from a definitely circumscribed trunk, and you might think that each of them was a complete single unit like a vein-are in reality multiple at their immediate origin, these roots being held and bound together by a common investment which is derived from the meninges. The lower part of this nerve, which has its origin in the nerves in the neck, extends to the little fingers and it is distributed to the skin that covers these fingers, supplying half the middle finger as well."
"It certainly completely perplexed the physician that only half of this finger was affected . . . I advised that the medicine which he was applying should be omitted, and I ordered an application to the part of the spine where the origin of the trouble to the parts affected was situated." 119 It is on the whole a very satisfactory clinical picture. 118 It will be remembered that the veins were held to "arise " not from the distant parts of the body but from the centre, the vena cava having its origin in the liver. 119 Vol. VIII, pp. 56-8. Of. ibid., p. 213.
